Abstract. The increasing employment of virtual reality bronchoscopy simulation makes it essential to validate the effectiveness of training. This systematic review and meta-analysis performs comparisons among trained groups. Well-known sources (i.e., PubMed, Scopus, and Google Scholar) were systematically searched using a Boolean query based on PRISMA guidelines. The inclusion criteria were peer-reviewed English articles considering virtual reality training simulation based on flexible bronchoscopy for novices and experts, and the studies without enough data or not relevant in content were excluded. Then, the meta-analysis procedure based on random-effects model, heterogeneity and publication bias tests, and subgroup analyses were performed. Eight studies comprising two randomized clinical trials, two prospective, and four observational studies were analyzed. The results for forest plots were illustrated and the significant p values of the target groups were indicative of the fact that the virtual reality bronchoscopy simulation was effective between the groups. The outcomes of meta-regression analyses for sample size and published year showed that the latter one can explain most of the heterogeneity between the studies. And, the funnel plots were indicative of no publication bias. Finally, the high rates of explained variance between studies achieved by subgroup analyses were 89% and 52%. The virtual reality bronchoscopy simulation for training the target groups will be beneficial for both novice trainees and experts. The outcomes of current study showed the effectiveness of virtual reality training technique along with the consistent results in terms of meta-analysis, publication bias, meta-regression, heterogeneity, and subgroup analysis. The stand-alone meta-mums tool is available by requesting through the corresponding authors' email addresses.
Introduction
Using the virtual reality environments for getting experts' hands on bronchoscopy procedure takes time [11] . It needs anatomical experiences to be able to enter the airways from nose to trachea and segmental bronchioles atraumatically at any positions of supine, right and left sides. The novices must be able to identify upper and lower airways anatomy and understand the standard order of segmental airway examinations. For novices and trainees, the most common cause of failure in performing the bronchoscopy procedure is lack of enough training and experiences [3, 9, 17] . Virtual reality simulation-based training has shown effective trends in endotracheal bronchoscopy. The bronchoscopy training for medical students and fellowships is various in terms of teaching program [12] . A synthesis of data regarding the effectiveness of simulation-based bronchoscopy training would facilitate decisions for education and research requirements and can identify the instructors to use the bronchoscopy for novices, trainees, and even expert students [2, 6, 10, 22] . In the literature, only one systematic review and metaanalysis study was found [13] in which Kennedy's meta-analysis identified comparative studies of simulation-based bronchoscopy training by including much more variables.
The aim of the current systematic review and meta-analysis research is to investigate the effect of training for performing bronchoscopy procedure by using some simulations and the required times for the trainees to get skills.
Materials and Methods
According to PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analysis) guideline [18] , articles were reviewed relevant to virtual reality bronchoscopy training with flexible bronchoscopy.
Search Method
Three open access databases including PubMed, Scopus, and Google Scholar, from 1 st January 2000 to 16 th May 2016, were systematically searched and reviewed in order to select and evaluate the related published original articles.
The PRISMA flowchart and the search strategy are shown in Figure 1 . After thorough investigating and monitoring the extracted articles based on their titles, abstracts, and contents, 2831 articles were extracted and only eight articles were related to virtual reality performed with flexible bronchoscopy.
The eight studies involve virtual training of novices (N = 90) and experts or trainees (n = 65) by means of simulators for performing bronchoscopy techniques and comparing their states including pre-training and post-training parameters. The required time for performing bronchoscopy procedure before and after training period and obtaining skills using virtual reality based on simulations were measured by CASP checklists [7] . 
Data Abstraction
The Boolean expression for searching the databases in the medical subject and headings was used as below:
Query: (x?box OR kinect OR(virtual reality))(bronchoscopy OR bronchoscopic)
Relevant information was extracted from the databases and hence, the downloaded articles including virtual reality bronchoscopy based on simulation training. The required information was gathered separately for the parameters of learning, outcomes, and skills on performing bronchoscopy. Also, skills obtained based on time and process of success were recorded.
The parameters such as mean and standard deviations for any types of methodologies and comparisons were included.
Inclusion and Exclusion Criteria
The inclusion criteria for the extracted articles include the English language, observational and prospective as well as RCT comparative studies.
Exclusion criteria were as follows: (i) unrelated articles, (ii) studies with inadequate data, (iii) non-English articles, case reports or letters to editor, (iv) systematic review, meta-analysis, and duplicated articles. The reported data for outcome measures, comparison groups, and sample sizes of trainees were recorded in a Microsoft Excel Sheet according to the checklist.
Two researchers independently and separately extracted the data from each study. The extracted data were sample size, mean ages, standard deviation, taken times for bronchoscopy training, and any types of comparisons. The required analysis was also performed for exploration of heterogenicity (I 2 ) and publication bias in all groups.
Characteristics of the Studies
The characteristics of eight included studies are summarized and shown in Table 1 . The learners of the studies were mostly novices, trainees, experts (i.e., postgraduate residents, medical students, or other persons such as pulmonologists, anesthesiologists, and thoracic surgeons). All the studies include virtual reality bronchoscopy training, obtaining skills based on simulation, and computer based programs. In one of the studies [10] , the simulation training was done on a cadaver and in the remaining ones on live or anesthetized patients were scheduled.
Only those studies were selected that only flexible bronchoscopy was included. None of the studies were addressed the advanced techniques such as trans-bronchial biopsy, Endo-bronchial ultrasound, or rigid bronchoscopy for foreign body extraction, or pediatrics bronchoscopy. In two studies, the flexible bronchoscopy was performed with intubations [10, 14] .
For correct performing of the bronchoscopy procedure, the monitor is responsible for displaying videos on the screen. Among eight studies, two studies were RCT [4, 19] , two other studies were prospective [1, 16] , and four studies were observational [10, 14, 15, 20] .
Regarding times taken for training, two studies had four hours [4] and 39 minutes [20] , respectively, and three studies reported over one day [10, 14, 16] and three other ones did not report their training times [1, 15, 19] .
The outcome measurements include time, speed, and performances of skills accompanying by predicted performance of computer-generated tools.
Specifications of these studies are listed and summarized in Table 1 .
Analysis
Eligible studies were extracted into a computerized spreadsheet for analysis. The meta-mums tool was used to assess the extracted data and the results were in agreement with CMA version 2.2.064 [5] . Pooled analysis was done on the studies to calculate effect sizes (Hedge's g) that were used as effect measure estimates. Meta-analysis was performed with random effect model.
Final included published articles were eight articles as mentioned above. The time and speed of bronchoscopy before and after training measures (Mean ± SD) were analyzed.
The heterogeneity and quantitative measures of heterogeneity including Q, p value, and I 2 were assessed. In the presence of heterogeneity, meta-regression was also performed. A p value of P < 0.05 for the Q test or I 2 > 50% indicated significant heterogeneity among the studies.
Subgroup analysis of groups A and B were performed based on published years of the studies (before and after 2005) and the heterogeneity could be decreased by subgroup analysis.
Graphical forest plots of effect sizes were generated for all three comparative groups. After generating the funnel plots and performing the required regression modeling such as calculating intercept of Egger's regression tests and their p values, the publication bias of the studies was assessed. Based on various studies for assessing publication bias p value< 0.05 is regarded as being significant. The statistical analysis performed on all data was performed using both meta-mums tool and CMA version 2.2.0.064 [5] while only the in-house implemented software results are proposed and illustrated in this study to show the meta-mums tool as an alternative software for CMA in future studies of researchers.
Results
The results of forest plot of effect size that compares pre-training and post-training of novices The p value is significant and it means virtual reality has shown more efficiency in training the experts.
The heterogeneity test also shows high heterogeneity with the parameters as below: p value is not significant and meta-regression with sample size has no relationship with Hedge's g (Figure 3c ). The results of meta-regression analysis with published years are Slope = 0.097, SE = 0.0308, LL = 0.0365, UL = 0.1574, Z-value = 3.1449, p value = 0.002, Γ 2 = 0.03286.
p value is significant and meta-regression with published years has shown direct relationship with Hedge's g (Figure 3d ). In group B, sample size and published year can explain 0 % and 89.5% of heterogeneity, respectively. In eight studies of group A and six studies of group B, subgroup analysis was performed due to significant heterogeneity ( Figure 5 , Table 2 ). In figures 5a and 5b, the p values of group A in years before and after 2005 are significant. Due to positive amounts of Hedge's g, virtual reality training has positive effects on performing bronchoscopy training in both years (before and after 2005).
In group B, before 2005, p value is not significant and hence, the virtual reality training has no influences ( Figure 5a ). In the years after 2005, p value is significant and virtual reality training has positive effects on performing bronchoscopy training (Figure 5b ).
In group A (Table 2) , and subgroup analysis before and after 2005 there is no, moderate heterogeneity respectively, hence the subgroup analysis of published year (Q Between = 13.179, d f = 1, p value < 0.001) can explain 89% of variance between studies.
In group B (Table 2) , and subgroup analysis before and after 2005 there is no, moderate heterogeneity respectively, hence the subgroup analysis of published year (Q Between = 4.15, d f = 1, p value = 0.042) can explain 52% of variance between studies.
In Table 2 , both subgroups of groups A and B have insignificant p values and there is no heterogeneity.
Also, there is no heterogeneity in group C, and therefore, subgroup analysis is not performed ( p value = 0.246). 
Discussions
The current study is a meta-analysis of information collected from systematic review of literature published articles on virtual reality simulation-based training bronchoscopy which also complies with PRISMA flowchart (Figure 1) . The results showed that simulation based training on flexible bronchoscopy are effective in training novices, semi-skilled as well as skilled trainees.
One systematic review along with meta-analysis and two studies demonstrating a brief and full reviews were detected by the detailed description of modalities and effect of instructional design [8, 13, 21] . However, the two last reviews reported incomplete assessment of the studies based on simulation-based bronchoscopy training. So, they have not been included or compared in the current study. The included studies were selected via literature and their available data were used in the meta-analysis procedure. The results obtained for defining the time are similar to Kennedy's study [13] . Indeed Kennedy's study has included the advanced bronchoscopy training based on simulation bronchoscopy such as endobronchial ultrasound, transbronchial needle biopsy, foreign body removal, and rigid bronchoscopy with their specific data. The current meta-analysis assesses the outcome measure of times, speed and skills, and their comparative results before and after training of novices and experts.
Few studies of the literature were focused on scoring of simulation based training bronchoscopy and did not have data about times of performing the procedures. So, these types of studies
were not included or compared in the study. Kennedy and colleagues surveyed their study as a systematic review, but their given pooled effect size was lower than that of current study (standard mean difference (SMD) = 0.62, 95% CI, 0.12-1.13, n = 7) versus (standard mean difference (SMD) = 0.688, 95% CI, 0.244-1.132, n = 6) which shows large effect on effect sizes in our study. Given substantial heterogeneity (I 2 = 55%) reported in Kennedy's study, a low heterogeneity (I 2 = 27.21%) is shown, so the current results can be regarded as significant with higher accuracy than Kennedy's study. The other studies showed favorable effects on time of training procedures.
Funnel plots of comparing these two systematic reviews were symmetric and effect sizes revealed similar pooled results. Publication bias was not reported in Kennedy's study whereas there are no evidences for existence of publication biases in the current meta-analysis.
The strength of current study is the inclusion of two prospective [4, 19] and two randomized clinical trials studies [1, 16] . Results analyzed on wide range of methods of meta-analysis and subgroup analysis also strengthen the outcomes. Although no obvious publication biases were found in all groups, however, groups A and B had high heterogeneity. Sample size meta- The meta-analysis study of Kennedy [13] was about the comparison of two groups with and without intervention (virtual training based on simulation) while in this study the meta-analysis compared three groups A, B, and C to strengthen its reliabilities. The results for two metaanalyses showed significant effects favoring simulation for time outcome. Pooled effect sizes are considered in standard mean difference.
The effect size of Kenney's study (standard mean difference with CI = 95%) was 0.62 (0.12-1. 13) compared with that of current study 0.688 (0.244-1.132) which also equals to Hedge's g in group C. Effect size in the current study has higher effect than that of Kennedy's study. The outcome of this study suggested that "the longer the structured training procedures, the more effective the performance of training of groups".
Results and Conclusions
In summary, to the best of authors' knowledge, this systematic review and meta-analysis is performed for the first time to assess the times and speed of learning process of trainees including the medical students, fellows, and experts.
Simulation based training can also accelerate the acquisition of bronchoscopy skills.
However, more RCT bronchoscopic training systematic reviews and meta-analysis are needed to confirm the effectiveness of simulation bronchoscopy in learning and validation of obtained findings on bronchoscopy skills including large groups of trainees.
